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Historical Perspective

SA~ 10" |—>~ 10" events——> 100 kHz

inlglusive electr(;n scattering cy. Prselgigﬁ et al.
beam larget detector
L 1978

SLAC E122 pioneered techniques:
* Rapid helicity flips (optical pumping)

¥ Integrate scattered flux

* monitoring, calibration, control of electron beam fluctuations
C. Sinclair et. al.

Mainz MIT-Bates

5A~10-7| W. Heil et.al. P.A. Souder et.al.
1989

1990
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Lab/Expt
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Jefferson Lab Program

« Hall A

- HAPPEX
« 0?=0.5 GeV? published

- HAPPEX-H & HAPPEX-He
o 0?=0.1 GeV?, separate G and G, 2004

- HAPPEX-Pb
« 0°=10.01 GeV?, neutron skin, ~2005
« Hall C

- 60
« 0°=0.2- 1.0 GeV? separate G and G,,, 2003-2006
* Axial and transition form factors

- Qweak
o 0?=0.03 GeV?, search for TeV physics, ~2007
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Faster, Smaller....

Rate =  OALR (ppm)
= :
105 = SLAC-E122 1 &= part per million
1 MHz HAPPEX Mainz-Be [
APPEX-“He. |
10’ = SAMPLE R HAPPEX lﬂ.el _
3 Mainz-A4 =
100 MHz -4 HAPPEX-II 60 "
10° = 208 001 L i
] sLAC-E158 Cweak 0.01 = 10 parts per billion
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Experimental Overview

P.A. Souder and J.M. Finn, spokespersons Phys. Rev. Lett. 82, 1999 (1096)
Hall A Collaboration polarized Phys. Lett. B. 509, 2001, (211)
source
HAPPEX CEBAF
Hall A =

*Polarized Electron Source

‘Rapid Helicity Flips

Systematic Control
*Accelerator

‘High Current & Low Jitter

‘Precision Monitoring
*Dense Cryogenic Target

‘Density Fluctuations
*Beam Polarimetry

‘Pushing systematic limits
*Spectrometer

High background rejection
= ‘Intense radiation environment
5 Steoring Cofls -Detectors. ar]d Electronics
| ‘Radiation Hardness

. @ Position Monitors . .
| : ‘Low noise and high speed

detector

hydrogen
target

spectrometers

acquisition
& control

/

detectors

' — Intensity Monitors |

____________________
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Polarized Electrons

.1/, _conductionband *Polarization ~ 75-80%
circularly T -Lifetime ~ 200 C
gt Uninterrupted ~ 5 days
B= 13y -230 pA max, 120 uA typical
bietlond v i +40 pA at Pe ~70% to HAPPEX
-3/2 valence band 3/2

B 20086V New laser to provide ~ 100 uA

12 — +1/2 | *New special laser for GO

Gun charge

2.0
. . . & Gun current / 100 uA
"strain" boosts polarization, but 2| m Gunchasge/c 6/8/03
introduces anisotropy in response 1| © Quantumefficiency /0.1% .
1.4 -
m * L3
'_ 1.2 > —+ % " N =
‘E 1.0‘ ' i: ‘t‘oiv y -."".’
: E 0.8 — - ' v -“ . ’-. -
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!!!!!

N s R
Parity Violation Experiments present special challenges:

*High Current AND High Polarization
*Pulsed to match beam requirements: 499 MHz, 31 MH

*“Parity Considerations”: close collaboration with Source Group
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The Raw Asymmetry

polarized-source

GaAs

A

optics /

laser T

% t 100 k\\’/
;’“- | polarized __

J electrons

specialized

Accelerator

rapid, random, helicity flipping

Flux Integration Technique:

HAPPEX: 2 MH?
Oweak: 6 GH7
Calorimeter
' 1)
//// ] : copper -.[;ilillill ube integrator
electron flux [ : quartz
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Measure flux F
for each window

Rl > 99% livetime R A _ K -F
" HV : window pair n
- window L H L L+h

| 15 Hz

Rapid, Random Helicity Flips

G(A)

A Nwindows

Signal Average N Windows Pairs: A +/-

Calorimeter Raw Window Pair Asymmetry
105 23 Million o= 3.8x10"

¥ Window Pair

:E'
10°}

: ~ 90 microamps 0.8 ppm

-0.2 0.1 0.2

No non-gaussian tails to +/- 50
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Random Fluctuations

D: PMT response
I Intensity Expt G($gﬂ) at
F': Scattered Flux = D/l z
F=f(X,Y, 6, 6, E) HAPPEX 3800
1 1 HAPPEX-He 1100
AL AE | SN
21 2€ HAPPEX-H 350
AD AD_ A1 HAPPEX-Pb 100
2D 2D 21
Qweak 50
AwindowziR_iL Eig_if_l_Zai.AXi
e R Jlab beam characteristics
Jitter (ppm) 000 40 naturally leads to small jitter!
Accuracy 40 150

low noise instrumentation
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Beam Monitorin

Peak Sample-and-Hold

+5.000V DAC

9

HAPPEX
16 bit ADC:

Analog input

|
|
[ 1
o , 100 pF \
L 10.00 K Y :
. 25K |
10.00 K ——WA——
L LA - | ;
| . _ I
LA + L AD7884
110.00 K l + _~Sumour
:I0.0GK 33 pF : ADC Chip
|
|
|

Difference Amplifier

Integrator | BASELINE I‘m PF |
' Baseline Sample-and-Hold
|:> integrator |:> Sample/holai |:>

Integrator
Voltage
Ramp

Reset |

Baseline

Peak

Convst

<200 uV noise

Difference

=)

Integrated
esu

[ L

Early tests ~ 1996-97
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Normalized Downstream Difference

ADC chip

Upstream - Downstream
Beam Current
Difference Correlation

0.004

-0.004 -0.002 o

0.002

0.004

Normalized Upstream Difference
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Current Measurement Resolution

Difference of Current Differences
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Systematic Fluctuations

Hall A Laser

£ w Y : Y
/ 1 | NN h | seed . . b r i
jiydy T——— o | Small imperfections 5% [o-%
- rism shutter shit amplifier  optical 1solator . . .
N enor” Hall B Laser in laser light properties: N AN
v RMDZ 40— I~ | Extracted charge depends / N>
attenuator shutter slit alnpli:e;c;iptiMIalur oh he/icity at /evel Of
o
A A nn 1o L NN dh e 0.01 % (100 ppm) §
B & B A 1 B .
attenuator Spr.mnb shutter slit ~ amplifier  optical isolator Subtler effecl‘s 5= %—A 8=—% -A
TN responsible for beam /Iy G\

A I \
T O\ o\ centroid differences ND
o vertical L ~ 0 0000] m (10 ILLI/}’Z)

windowEFR_FL EAD_AI_FZCZI'.AX'
F,+F, 2D 2I

Pockels cell J micros
slid

pe rotatable
half-wave plate

insertable
half-wave plate

A

1

Circular polarization
Correction (ppm) 1.0 0.1
Accuracy <0.05 <0.1

Rotate linear polarization Happex achieved ~ 20 nm
Future experiments need ~ 1 nm!

Flip circular polarization
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HAPPEX Electronics

12 June 2003

Parity Violation Experiments

Pockels cell Guarding against spurious asymmetries
éﬁ requires careful electronic configuration
s
+ Helicity Control
PEV SWItChTY - ' Electronics
2k i
+HV _HV 3 : Master Trigger .
Swaly| - [swply] : Heliciry Counting House
% - : Realtime
=] = 1
> a 1
§ g ' 30 Hz Trigger PITA Offset frequency
W\ L. ] Ll e
= = Helicity v |5 Hz Pair-Sync £ < F—_————— FlT === == \
+ Generator | v pioved Helicity 2 < [ VMETL ADC Ribbon Cable | .
HV Setpoint ; - -5 = [ Ribbon Cable 1 L -
Generator |- ' PITA Offset 273 - [ Tlvyy ~r— %2
| : O =11 R T -1 =1 |
r . = O
"""""""""""""" L BB e |88 &[T I
: : CSIES| FEIRIRR<— E2
At Polarized Injector Clal|BE g |22 |=] T %
== < < <3
S | £ Z
HP Ethernet | | | ] I 1 ] | g
Workstation [ VMEDbus backplane |
~ VMECrate



Intensity Feedback

Electron

. Laser Pockels Cell » Photocathode BCM >
Adjustments | | 7 Beam
> Mlcr(?scope
for small phase shifts 3 Slide >
+ G‘eedback LOO[D
to make close to Pplslieieh sl y <
' Helicity '
. . . ' Pockels Cell = S A
circular polarization : | vorage Control : : ! :
E > F/V Helicity E Delayed Helicity E ADC Board ;
' Generator : ~  DAQ System E
- : E l . - E PITA Offset (freq) E V/F =< DAC E
' Helicity Control Electronics ' ' '
& HAPPEX s ‘ S CLLLLLrr '
= : - Polarized Source Hall A
£25 % W O
3 e N
g1 sl Low jltte_r and high accuracy aII_ows sub-ppm
E LT b Cumulative charge asymmetry in ~ 1 hour
g ]
©-2.5
£ ~ 2 hours o
2 : In practice, aim for 0.1 ppm over
- - " "
O duration of data-taking.
0 10 20 30

Minirun Number
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Systematic Position
Fluctuations

Strained GaAs has 10% analyzing

power for linearly polarized light 1% linear component x

10% analyzing power:

Careful optics alignment: 1000 ppm charge asymmetry

1 ym centroid differences

“Brute force” position feedback would
rely on over 3 orders of magnitude suppression

3 important sources of systematic position differences:

> R
>

Pockels Cell

photocathode Laser beam :
steering

analyzing power linear polarization
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Recent Progress

Data taken during MD, 4/25/03

‘ Dx= -0.16+ -0.06sin (2x+ 62.30) + -3.32 sin (4x+ 63.52) Carhade Pa/arlz.arlo”
3 = ~ Gradient? or Gradient?
-Steering smalll 00keV [
-Pc@aﬁzatlon grgcfg £t dommates
-Caﬂﬂ)de gradlent smaII | laser
AE
= £ / *‘, spot
a5 : ~ Ell zpticd-lx\egﬁlarization
O_I | 12]DI | J4|0I I I6|0| | IBlﬂl 1601%01&01!;0150 l

bpm1104y, Y-Position Difference vs. 0

Half-wave plate orientation
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bpm1104y, Y-Position Difference vs. 6
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Cryogenlc Targets

H al [ A Measured Fluctuations at 15 Hz in the
i , H P P E X . Detector Pulse Pair Asymmetry
A 10
. * Estimated ¢ at
L) _
15 cm “beer can E,=32GeV

\

Density fluctuations: B9 Mey -

Standard Deviation o

less than 200 ppm 0 0=128 .
at 15 Hz - 15em LH, .
Statistics: 3800 ppm

il G0 target
at.ll&

COOLANT IN =

s
HEAT EXCHANGEé

NOTE: The port posltions for electrical and transducer
feedthroughs may be rotated into other planes.
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High Power Lead Target

P Pl) (0.5 mm thick)
o C I d
40 Watts B\W Diamond has high
dissipated 12 AT | beam hole | thermal conductivity
by 50 uA (diamond) Beaml
Scattering from 12C Active cooling
well-understood \ by liquid Helium
—ored) \ Successfully
pec™ giquid Hetium Cootani~L—" tested in Hall A

(1 gm/sec, 15 atm, 30 K temp rise)
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HRS for HAPPEX

; 1 pl
Conceptual Design  qua focal plane

ngh Resolution Spectrometers 00DQ dipole
- N\
e [ elastic
electrons
target {uads inelastic
electrons
(P 10 el HAPPEX data at 12°
Y ipole scan: HAPPEX data at 12
M - Hall A §
g 1 |+
3
Lead-Lucite Sandwich 10 * Spectrometer DAQ
; o) . . HAPPEX DAQ
&0
S 107 -
- R "
f——— 1s3em —  aflem o '
l ! j 2 10° .
~ .
D [ |
s /'/' / PMT 2 i 1
5

Elastic electrons 0 5 10 15 20 25

% of Energy Loss from Elastic
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HAPPEX Raw As

Pockels | insertablel Strained GaAs
Laser  Cell

7u’ 2 | cathode

—

— - J lﬂ%analyser

Plate In/Out: F lips Asymmetry Sign

+ raw asymmetry
|

't 4
f

i “ |
itk .h-}'--.%

I
N T L T e SR T R N ] - te
TOR NN
| Ty
T R l
X ldof = 33.65/39
asymmelry correction ¢
left spectrometer +0.032 +/- 0.034 ppm
right spectrometer -0.002 +/- 0.014 ppm
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ymmetry

98 Data

=-5.64 + 0.75
(ppm)

i

~ 95 uA, ~ 38% polarization

=-10.45 +0.75 I

~r

40 uA, ~ 70% polarization

Run asymmetry residuals (normalized to error)

120

100

80

60

40

20

827 run c =0.98
entries

-4 0 4
Fraction of sigma from average



—

HAPPEX-'H, “He & 2%%Pb

Beam Energy ~ 3.2 GeV, scattering angle ~ 6 degrees

2 2 @RS
:Q~0.11 (GeV/e)
Septum sl
electron 80 cm Q"'ﬁ”‘“ > 12.5 deg 100;—

100 x 600 mm

Dispersive asis (mim

beanﬁ‘ e 6 deg !
ew. target Old target : _
POSItio posilt] o) Beam axis ol

D T - T T T

-H0 o [#] I 20 0 «1 &0

Transverse axls (mm)

Brass-Quartz Sandwich

Radiation Hard

L-shaped for 'H
1 Module for *He
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Qweak Spectrometer

Secondary Shielding
Collimator [

Elastic ep

Ring of Integrating
Quartz Cherenkov
detectors

]
> —
i e~ Beam

Luminosity
Toroidal Magnet Monitor

Precision
Collimator

35 cm Liquid
Hydrogen Target

Faats |

%iecfron Beam

35 cm LH, Target
& Scattering Chamber
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GO0 Spectrometer

Superconducting Defectors
Magnet

Incident
electrons

. Collimators
eICCtI‘OH
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GO0 Electronics

M Elastic protons Time of Flight measurement
© = TInelastic protons

3: I:I N?UTPGI F t Mean
10 ° = T ron Timer

Time histogramming
Back - Timer Time resolution
250 ps / Ins
Beam structure: 32 ns between pulses

0 5 10 15 20 25 30

nanoseconds

FR octants: flash TDCs (0.25 ns over 32 ns range)

NA octants: Latching Time Digitizer (500 MHZz)
— scalers (1 ns over 24 ns range)

Time histogramming read out at 30 Hz (polar. reversal)
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G0 Commissioning

1 Det 4

i
-
-
——
—_—
-

elastic protons

inelastic protons

Time-of-flight
spectrum from
single detector

*Complete apparatus checkout

*Beam checkout

*Final commissioning: Fall 03

*Forward angle run: Spring 04
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Online Asymmetries

,,| al-a_sticprotonasymmmryvsringnumberofNAdmamom | ‘. -

% 1:;{ l l . {ult
i % i e * l
T o
| elastic proton asymmetry vs ring number of French detectors

;_S':: 15;: [ ‘: Fi:::tio
| o =
Fr g

! i
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Hall A Lum|n03|t Monltor

0.5 degree scattering l

l] 0 GHz rate | ; 100 m
1.47 0.66
Target . ’m 0.27 "’l 0.34m' 1 Hall A
ce [}
i g e = ' exit pipe
0.36m  31m
- - 1.07 m - !
0.91 m - =
554m !
1585 m

‘Null asymmetry test
*Target density fluctuations

Npairs = 4692

2000 F Mean = -2.67 + 3.11
., . 180 RMS = 212.95
1s00- Parasitic data ﬂ
1000 May 2003 ﬂﬂ‘
. l
500 :
120_ u WIL
o~ 100
I 80/ H L
-500/-
L . 60 I HL
-1000 i
40
1500~ 202_ L]'L
| P I I L1 o:' bl Vo o bedbocen Ml

-800 -600 -400-200 0 200 400 600 800
Normalized Asym lumi4 (ppm)

-2000—
-2000-1500-1000 -500 0 500 1000 1500 2000
Asym lumi4 vs Charge Asym (ppm)
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‘g""*v‘vvvﬁﬂ
k- % \ "
‘ L X X “

First tests show 200 ppm resolution
*50 ppm would be awesome

(SLAC E158 monitor limits
density fluctuations at 40 ppm
with 100 ppm resolution)
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Normalization

The track record in parity violation experiments in electron scattering:
Normalization errors limit ultimate sensitivity

*10% measurements of asymmetry have been typical
*Jlab will enter a new era of ~ few % measurements

*Electron Beam Polarization
*Experimental Determination of Q2
*Physics backgrounds

Dilution factors
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Electron Beam Polarimetry

Pmeo< CO.S(nWie.n".' (I)) -

- | ] % Compton Mott
NS ! Mgller
¢ ’ Compton
S : \ Moller B ompto
s O A\ ¢ Voller L Recirculation
o Arcs
an
_50 ; |
, -
—100 =50 O o0 100
Nyien (3€9)
Polarized Injector
‘Polarimeter systematics range from 1 to 3% “\
‘Upcoming experiments require a p

concentrated effort to develop robust and
redundant polarization measurements with 4 “—
1% error

-"Spin Dance" measurements crucial! End ?
*By product: energy scale to 104l Stations [/

C
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Hall A Mgaller Polarimeter

Target Quadl Quad2 Quad3 Dipole Detector
Patsy Tessa Felicia Lilly :
el — .
— —— —
[ ] | 4 i
Double-Spin Asymmetry o
. . Helmbholtz Top View
in pOIarlzed eIECtron- coils Moller Polarimeter
. 100 1085 1657 1486 2972
electron scattering J araipar v e
1= B . R A . ‘

T j D T e — — . T -
| l l l Tl T48 5cm

: 2 208.5 12742 R |

' ' ' |

|
422.8 ..
Side View

Hardware robust and well-tested

Systematic error ~ 3.4%

Dominant contribution: foil ~ 3%

Unstable extrapolation from low to high current
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Hall C Moaller Polarimeter

target collimator 2
laser & Q

system \
Ul
/

[

L]
11

/// g beam

solenoid Ql

\ detectors

‘-1 .omr|-c— 3.20m l

espin-polarization versus magnetization
known for pure iron ~ 0.25%
*High field saturation ~ 3 Tesla

7.85m I

split SC coils (3 Tesla)

*Greatly reduces target polarization error | I >

*Other errors potentially less than 1%

«Extrapolation studies to high current under way @77 i = g —
*G0 commissioning included several tests

pure Fe Hall C Moller
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Hall A Compton Polarimeter

1 detecto” detector
photo Eleettol ™" .
Compton B Double spin asymmetry
Polarimeter in polarized photon-
Schematic electron scattering

-

=k _z__’_g_-:::_:'r;:::i';;:-;_-::—‘:?:" f
r "Egafbeﬂecmd line L

r g
Y

i Fabry-Perot /é ~ ¢

*1.4% total error at 4.5 GeV

*0.8% stat. error in 40 minutes at 40 pA
electron & photon detection

1.5 kW laser power

*Stable operation over 1 year

*High accuracy at 1 GeV requires green
laser and detector upgrade

‘rOsSINg angle: 23 mrad

v power and
holarization
measurement

300 m

IR 1064 nm
D for I0®
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Atomic Hydrogen
Polarimetry

*300 mK atom trap

*100% electron polarization "

° 'Y ~ 15 3

Density . 3x.1 0'°/cm Solenoid 8T

*Contamination < 10+ O

U

Potentially, —
-Statistical error ~ 1% in ~ 0.5 hr beam i

Calculations show that the gas is stable AN

and not depolarized in 100 pA Jlab beam AANAAAAAAANA

No Levchuk effect
Low background
-Systematic error better than 0.5%

Assuming availability of resources,
Jlab can break into uncharted territory
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HAPPEX Physics Result

Source of Error AA/A (%)
Statistics 6.4
Beam Polarization 3.2
Average Q 1.8
Backgrounds 0.6
Total Systematic 3,I7
Electromagnetic Form Factors 4.9
Axial Form Factor 1.4
HAPPEX

Physics Asymmetry
(final, 98 + 99 data)

A

phy =-15.05 + 0.98 + 0.56 (ppm)

Standard Model (w/o nucleon strangeness): -16.45 ppm
Axial Form Factor Contribution: 0.56+ 0.23
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IIItI)Op's . B " [N 2 B - "

H1|4 PPEX

%, A
iy
N |

0 0.2 0.

> 4 , 0.6
0° (GeVle)

Q= 0.477 (GeVIe?

= 0.070 +0.056 + 0.041
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published result

A T A heo
Pf\)_i" =-0.085 +0.060 + 0.034

theo




L d

(0.48)

S
E

G

_025

Implications and Outlook

25

- -
- -
Yo NLattice
-
y‘ .‘\‘
Yo e

HAPPEX

Skyrnze

poles
L ]

E 05 — 0.2 5 000 02l 5

S G, (0.48)

5

G0 will provide separation

over

*HAPPEXIT will provide high
precision anchor points

QZ

Mainz PVA4 is taking data like
there is no tomorrow!
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From an experimentalist’s point of view:
the turf is still wide open for a discovery
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Back to Physics.....

Strange Form Factors

- Firm foundation in place

- Poised for more measurements

Neutron Skin

- Unique measurement exploiting Jlab capabilities
Beyond the Standard Model

- E158 has made the inroads intfo new era

- Qweak and 12 GeV experiments go deeper into discovery
space

Transverse Asymmetry

- As is typical in science, perhaps sensitivity to 2-photon
diagrams might eventually be as interesting as the above

topics, and these experiments could have major impact on
this question.
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A Look Back

* Parity violation experiments exploit all
aspects of Jlab capabilities

« Extraordinarily fruitful partnership between
accelerator physicists and physics
collaborations

« Excellent training for graduate and
undergraduate students

* Expanding, rich physics program

12 June 2003 Parity Violation Experiments



Conclusion

Parity experiments are here to stay
So

Let's get some barbecue!

12 June 2003 Parity Violation Experiments



	Parity Violation Experiments
	Outline
	Weak-Electromagnetic Interference
	Historical Perspective
	Physics Overview
	World Program
	Jefferson Lab Program
	Faster, Smaller….
	Experimental Overview
	Polarized Electrons
	Lasers and Optics
	The Raw Asymmetry
	Random Fluctuations
	Beam Monitoring
	Systematic Fluctuations
	HAPPEX Electronics
	Intensity Feedback
	Systematic Position Fluctuations
	Recent Progress
	Cryogenic Targets
	High Power Lead Target
	HRS for HAPPEX
	HAPPEX Raw Asymmetry
	HAPPEX-1H, 4He & 208Pb
	Qweak Spectrometer
	G0 Spectrometer
	G0 Electronics
	G0 Commissioning
	Hall A Luminosity Monitor
	Normalization
	Electron Beam Polarimetry
	Hall A Møller Polarimeter
	Hall C Møller Polarimeter
	Hall A Compton Polarimeter
	Atomic Hydrogen Polarimetry
	HAPPEX Physics Result
	Implications and Outlook
	Back to Physics…..
	A Look Back
	Conclusion

